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REAL PARTY IN INTEREST 



The present application has been assigned to Applied Materials, Inc., 3050 
Bowers Avenue, Santa Clara, California 95054. 



RELATED APPEALS AND INTERFERENCES 



Appellant asserts that no other appeals or interferences are known to the 
Appellant, the Appellant's legal representative, or assignee which will directly affect or 
be directly affected by or have a bearing on the Board's decision in the pending appeal. 
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STATUS OF CLAIMS 

Claims 16-20, 23, and 26 are pending in the application following entry by the 
Examiner of a Response to Final Office Action. Claims 1-14 were originally presented 
in the application. Claims 8 and 10 were amended and claims 15-33 were added in the 
Response to Office Action dated October 7, 2004, that was filed December 21, 2004. 
Claims 16, 23, and 26 were amended and claims 1-15, 21, 22, 24, 25, and 27-33 were 
canceled in the Response to Final Office Action dated March 2, 2005, that was filed 
May 2, 2005. Claims 16-20, 23, and 26 stand rejected in view of two cited references 
as discussed below. The rejection of claims 16-20, 23, and 26 based on the cited 
references is appealed. The pending claims are shown in the attached Claims 
Appendix. 
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STATUS OF AMENDMENTS 



An amendment to rewrite claims 16, 23, and 26 in independent form and cancel 
claims 1-15, 21, 22, 24, 25, and 27-33 was submitted after the final rejection in the 
Response to Final Office Action dated March 2, 2005, that was filed May 2, 2005. The 
Examiner indicated that the amendment would be entered upon appeal. Arguments 
presented after final rejection were not accepted by the Examiner. 
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SUMMARY OF CLAIMED SUBJECT MATTER 



Embodiments of the invention provide a method of forming a refractory metal 
layer that includes depositing a nucleation layer on a substrate and then depositing a 
bulk deposition layer on the nucleation layer, wherein the bulk deposition layer includes 
a compound contained in one of the gases used to deposit the nucleation layer 
(paragraph [0010], p. 5, lines 6-11). 

In the embodiment of independent claim 16, a method of forming a nucleation 
layer and a bulk deposition layer on a substrate having a plurality of vias (Figure 10, 
paragraph [0032], p. 11, lines 9-10) is provided. The refractory metal nucleation layer is 
formed by serially exposing the substrate to first and second reactive gases 
(paragraphs [0028], whole paragraph and [0027], p. 9, lines 1-2). The refractory metal 
nucleation layer covers the plurality of vias (60 in Figure 10). A bulk deposition layer is 
then formed on the nucleation layer by vapor deposition (paragraph [0032], p. 1 1 , lines 
12-14). The bulk deposition layer is a refractory metal layer, i.e., tungsten (paragraph 
[0032], p. 11, lines 12-13). The refractory metal of the bulk deposition layer is contained 
in one of the first and second reactive gases used to deposit the nucleation layer 
(paragraph [0010], p. 5, lines 6-11, paragraph [0028], lines 3-5, paragraph [0032], p. 11, 
lines 12-13). The bulk deposition layer fills the plurality of vias on the substrate (Figure 
11, paragraph [0032], p.11, lines 16-18). 

In the embodiments of independent claims 23 and 26, a method of forming a 
nucleation layer and a bulk deposition layer on a substrate disposed in a processing 
chamber is provided. The refractory metal nucleation layer is formed by serially 
exposing the substrate to a boron-containing compound and a tungsten-containing 
compound (paragraph [0028], p. 9, lines 3-5). Serially exposing the substrate to the 
boron-containing compound and the tungsten-containing compound includes multiple 
cycles (paragraph [0027], p. 9, lines 1-2) of exposing the substrate to the boron- 
containing compound for a period of time and exposing the substrate to the tungsten- 
containing compound for a period of time, such as a pulse (paragraphs [0028], p. 9, 
lines 9-29, Figures 12 and 13). A bulk deposition layer is then formed on the nucleation 
layer by employing vapor deposition to deposit a refractory metal contained in one of 
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the boron-containing compound and the tungsten-containing compound (paragraph 
[0010], p.5, lines 6-11, paragraph [0028], p. 9, lines 3-5, paragraph [0032], p. 11, line 
13). 
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GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 



1. Claims 16-18 and 20 stand rejected under 35 U.S.C. § 103(a) as being 
unpatentable over Kang, etal. (U.S. Patent No. 6,139,700). 

2. Claim 19 stands rejected under 35 U.S.C. § 103(a) as being unpatentable 
over Kang, et al. (U.S. Patent No. 6,139,700) in view of Kang, et al. (U.S. Patent No. 
6,287,965). 

3. Claims 23 and 26 stand rejected under 35 U.S.C. § 103(a) as being 
unpatentable over Kang, et al. (U.S. Patent No. 6,139,700) in view of Kang, et al. (U.S. 
Patent No. 6,287,965). 
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ARGUMENTS 



1. Argument with respect to the rejection of claims 16-18 and 20 under 35 
U.S.C. § 103(a) by Kang, etal. (U.S. Patent No. 6,139,700). 

THE EXAMINER ERRED IN REJECTING CLAIMS 16-18 AND 20 UNDER 35 
U.S.C. 103(a) BECAUSE KANG, ET AL. (6,139,700) DOES NOT TEACH OR 
SUGGEST BULK DEPOSITING TUNGSTEN ON A REFRACTORY METAL 
NUCLEATION LAYER FORMED BY SERIALLY EXPOSING A SUBSTATE TO FIRST 
AND SECOND REACTIVE GASES, WHEREIN TUNGSTEN IS CONTAINED IN ONE 
OF THE FIRST AND SECOND REACTIVE GASES. 

Claims 16-18 and 20 stand rejected under 35 U.S.C. § 103(a) as being 
unpatentable over Kang, et al. (6,139,700) on grounds that Kang, et al. teaches a 
method comprising forming a refractory metal nucleation layer, WN, by serially exposing 
the substrate to first and second reactive gases, wherein the refractory metal nucleation 
layer covers the via, and forming a bulk deposition layer of the refractory metal tungsten 
on the nucleation layer (column 6, lines 13+). Applicants respectfully traverse the 
rejection. 

Kang, et al. describes a process comprising forming a WN metal barrier layer on 
a substrate by atomic layer deposition using a tungsten containing precursor (column 2, 
line 65+). However, Kang, et al. does not describe or suggest bulk depositing a 
tungsten layer on the WN metal barrier layer, as asserted by the Examiner. The 
Examiner is relying on Kang, et al.'s description of a cluster tool that includes a W 
(tungsten)-CVD chamber (column 6, lines 13+) to assert that Kang, et al. discloses bulk 
depositing tungsten on the WN metal barrier layer and filling vias with the bulk 
deposition as Kang, et al. does not otherwise discuss chemical vapor or bulk deposition 
of tungsten. 

In the Advisory Action mailed May 23, 2005, the Examiner states that it is an 
aluminum bulk layer that is taught in Kang, et al. (column 6, lines 13-15), and admits 
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that the W-CVD chamber of Kang, et al. could "POSSIBLY" (capitalization provided by 
the Examiner) be used to deposit the conductive layer 16 underneath the WN barrier 
layer 18 of Kang, et al. (Figures 1A-1C), as noted by Applicants in their Response to the 
Final Office Action dated May 2, 2005. The Examiner also states that the W-CVD 
chamber of Kang, et al. could "POSSIBLY" (capitalization provided by the Examiner) be 
used for depositing a bulk layer. The Examiner further notes that one of ordinary skill in 
the art would implicitly know that the W-CVD chamber could be used for bulk depositing 
a layer because W bulk deposition layers are well known in the art. 

Applicants respectfully submit that the Examiner's speculation that the W-CVD 
chamber of Kang, et al. could be used for depositing a bulk W layer that fills vias or 
alternatively for depositing a layer underneath a nucleation layer does not support 
finding that Kang, et al. actually teaches or even suggests depositing a bulk tungsten 
layer as part of a method including forming a nucleation layer by a serial deposition 
process using a first and second reactive gas, wherein one of the first and second 
reactive gases includes tungsten, and then bulk depositing tungsten on the nucleation 
layer to fill a plurality of vias. 

Therefore, Applicants maintain that Kang, et al. does not teach or suggest a 
method for forming a nucleation layer and a bulk deposition layer on a substrate having 
a plurality of vias, said method comprising forming a refractory metal nucleation layer by 
serially exposing said substrate to first and second reactive gases, wherein the 
refractory metal nucleation layer covers the plurality of vias, and forming a bulk 
deposition layer on said nucleation layer by employing vapor deposition to bulk deposit 
a refractory metal contained in one of said first and second reactive gases, wherein the 
bulk deposition layer fills the plurality of vias, and wherein the refractory metal is 
tungsten, as recited in proposed claim 16. Applicants respectfully request withdrawal of 
the rejection of claim 16 and of claims 17, 18, and 20, which depend thereon. 
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2. Argument with respect to the rejection of claim 19 under 35 U.S.C. § 103(a) 
over Kang, etal. (U.S. Patent No. 6,139,700) in view of Kang, era/. (U.S. Patent No 
6,287,965). 

THE EXAMINER ERRED IN REJECTING CLAIM 19 UNDER 35 U.S.C. 103(a) 
BECAUSE KANG, ETAL. (U.S. PATENT NO. 6,139,700) IN VIEW OF KANG, ETAL. 
(U.S. PATENT NO 6,287,965) DOES NOT TEACH OR SUGGEST BULK 
DEPOSITING TUNGSTEN ON A NUCLEATION LAYER FORMED BY SERIALLY 
EXPOSING A SUBSTATE TO FIRST AND SECOND REACTIVE GASES, WHEREIN 
TUNGSTEN IS CONTAINED IN ONE OF THE FIRST AND SECOND REACTIVE 
GASES AND THE FIRST REACTIVE GAS IS DIBORANE. 

Claim 19 stands rejected under 35 U.S.C. § 103(a) as being unpatentable over 
Kang, et al. (U.S. Patent No. 6,139,700) in view of Kang, et al. (U.S. Patent No 
6,287,965) on grounds that it would have been obvious to use the WBN layer formed by 
atomic layer deposition in Kang, et al. (U.S. Patent No 6,287,965) in place of the WN 
layer of Kang, et al. (U.S. Patent No. 6,139,700) and that it would have been obvious to 
use a boron-containing compound to supply the boron of the WBN layer. The Examiner 
acknowledges that Kang, et al. (U.S. Patent No 6,287,965) does not state that the B of 
the WBN layer is provided by diborane or any other boron-containing compound. 
Applicants respectfully traverse the rejection. 

Claim 19 includes the limitations of claim 16 and further recites that the first 
reactive gas is diborane (B 2 H 6 ). As discussed above in Argument 1, Kang, et al. (U.S. 
Patent No. 6,139,700) does not teach or suggest bulk depositing a tungsten layer on a 
nucleation layer deposited from a precursor comprising tungsten. Kang, et al. (U.S. 
Patent No 6,287,965) describes depositing metal layers having a A-B-N structure by 
atomic layer deposition, wherein A may be selected from a group of compounds 
including tungsten, B may be selected from a group of compounds including boron, and 
N is nitrogen (column 2, lines 18-37). Kang, et al. (U.S. Patent No 6,287,965) does not 
name diborane or any other boron-containing compounds and does not describe 
depositing a bulk tungsten layer on a nucleation layer. As neither Kang, et al. (U.S. 
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Patent No. 6,139,700) nor Kang, era/. (U.S. Patent No 6,287,965) teach or suggest bulk 
depositing a tungsten layer on a nucleation layer deposited from a precursor comprising 
tungsten, Kang, et al. (U.S. Patent No. 6,139,700) and Kang, et al. (U.S. Patent No 
6,287,965), individually or in combination, do not provide or suggest all of the limitations 
of claim 19. Applicants respectfully request withdrawal of the rejection of claim 19. 
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3. Argument with respect to the rejection of claims 23 and 26 under 35 U.S.C. 
§ 103(a) over Kang, et al. (U.S. Patent No. 6,139,700) in view of Kang, et al. (U.S. 
Patent No 6,287,965). 

THE EXAMINER ERRED IN REJECTING CLAIMS 23 AND 26 UNDER 35 
U.S.C. 103(a) BECAUSE KANG, ET AL. (U.S. PATENT NO. 6,139,700) IN VIEW OF 
KANG, ET AL. (U.S. PATENT NO. 6,287,965) DOES NOT TEACH, SHOW, OR 
SUGGEST BULK DEPOSITING A REFRACTORY METAL ON A NUCLEATION 
LAYER, WHEREIN THE REFRACTORY METAL IS CONTAINED IN ONE OF A 
BORON-CONTAINING COMPOUND AND A TUNGSTEN-CONTAINING COMPOUND 
USED TO DEPOSIT THE NUCLEATION LAYER. 

Claims 23 and 26 stand rejected under 35 U.S.C. § 103(a) as being unpatentable 
over Kang, et al. (U.S. Patent No. 6,139,700) in view of Kang, et al. (U.S. Patent No. 
6,287,965) on grounds that it would have been obvious to use the WBN layer formed by 
atomic layer deposition in Kang, et al. (U.S. Patent No 6,287,965) in place of the WN 
layer of Kang, et al. (U.S. Patent No. 6,139,700) and that it would have been obvious to 
use a boron-containing compound to supply the boron of the WBN layer. Applicants 
respectfully traverse the rejection. 

While Kang, et al. (U.S. Patent No. 6,139,700) describes depositing WN layers, 
Kang, et al. (U.S. Patent No. 6,139,700) does not teach or suggest depositing 
nucleation layers using a boron-containing compound and a tungsten-containing 
compound or depositing a bulk layer comprising a refractory metal from a boron- 
containing compound or a tungsten-containing compound on a nucleation layer 
deposited from the boron-containing compound and the tungsten-containing compound. 
Kang, et al. (U.S. Patent No 6,287,965) provides layers that may include boron, but 
does not teach or suggest depositing a bulk layer comprising a refractory metal from a 
boron-containing compound or a tungsten-containing compound on a nucleation layer 
deposited from a boron-containing compound and a tungsten-containing compound. 

Thus, Kang, et al. (U.S. Patent No. 6,139,700) and Kang, et al. (U.S. Patent No. 
6,287,965), individually or in combination, do not teach, show, or suggest a method for 
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forming a nucleation layer and a bulk deposition layer on a substrate disposed in a 
processing chamber, said method comprising forming a refractory metal nucleation 
layer by serially exposing said substrate to a boron-containing compound and a 
tungsten-containing compound, wherein serially exposing said substrate to the boron- 
containing compound and the tungsten-containing compound comprises exposing said 
substrate to the boron-containing compound for a period of time, exposing said 
substrate to a pulse of the tungsten-containing compound, and exposing said substrate 
to a pulse of the boron-containing compound, and forming a bulk deposition layer on 
said nucleation layer by employing vapor deposition to bulk deposit a refractory metal 
contained in one of said boron-containing compound and tungsten-containing 
compound, as recited in claim 23. Applicants respectfully request withdrawal of the 
rejection of claim 23. 

Also, Kang, et al. (U.S. Patent No. 6,139,700) and Kang, et al. (U.S. Patent No 
6,287,965), individually or in combination, do not teach, show, or suggest a method for 
forming a nucleation layer and a bulk deposition layer on a substrate disposed in a 
processing chamber, said method comprising forming a refractory metal nucleation 
layer by serially exposing said substrate to a boron-containing compound and a 
tungsten-containing compound, wherein serially exposing said substrate to the boron- 
containing compound and the tungsten-containing compound comprises exposing said 
substrate to a pulse of the boron-containing compound, exposing said substrate to a 
pulse of the tungsten-containing compound, and exposing said substrate to the boron- 
containing compound for a period of time, and forming a bulk deposition layer on said 
nucleation layer by employing vapor deposition to bulk deposit a refractory metal 
contained in one of said boron-containing compound and the tungsten-containing 
compound, as recited in proposed claim 26. Applicants respectfully request withdrawal 
of the rejection of claim 26. 
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CONCLUSION 



For the reasons presented above, Appellants respectfully submit that the 
rejections of claims 16-20, 23, and 26 under 35 U.S.C. § 103(a) are improper. Reversal 
of the rejections of the claims is respectfully requested. 



Respectfully submitted, 

Keith M. Tackett 
Registration No. 32,008 
Moser, Patterson & Sheridan, L.L.P. 
3040 Post Oak Blvd. Suite 1500 
Houston, TX 77056 
Telephone: (713)623-4844 
Facsimile: (713)623-4846 
Attorney for Applicant(s) 
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CLAIMS APPENDIX 



1-15. (Canceled) 

16. (Previously Presented) A method for forming a nucleation layer and a bulk 
deposition layer on a substrate having a plurality of vias, said method comprising: 

forming a refractory metal nucleation layer by serially exposing said substrate to 
first and second reactive gases, wherein the refractory metal nucleation layer covers the 
plurality of vias; and 

forming a bulk deposition layer on said nucleation layer by employing vapor 
deposition to bulk deposit a refractory metal contained in one of said first and second 
reactive gases, wherein the bulk deposition layer fills the plurality of vias, and wherein 
the refractory metal is tungsten. 

1 7. (Previously Presented) The method of claim 1 6 wherein the bulk deposition 
layer is deposited employing chemical vapor deposition. 

1 8. (Previously Presented) The method of claim 1 7 wherein the refractory metal 
nucleation layer and the bulk deposition layer are deposited in the same chamber. 

1 9. (Previously Presented) The method of claim 1 6 wherein the first reactive gas 
is diborane (B 2 H 6 ). 

20. (Previously Presented) The method of claim 1 9 wherein the second reactive 
gas is WF 6 . 

21-22. (Canceled) 

23. (Previously Presented) A method for forming a nucleation layer and a bulk 
deposition layer on a substrate disposed in a processing chamber, said method 
comprising: 
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forming a refractory metal nucleation layer by serially exposing said substrate to 
a boron-containing compound and a tungsten-containing compound, wherein serially 
exposing said substrate to the boron-containing compound and the tungsten-containing 
compound comprises: 

exposing said substrate to the boron-containing compound for a period of 

time; 

exposing said substrate to a pulse of the tungsten-containing compound; 

and 

exposing said substrate to a pulse of the boron-containing compound; and 
forming a bulk deposition layer on said nucleation layer by employing vapor 
deposition to bulk deposit a refractory metal contained in one of said boron-containing 
compound and tungsten-containing compound. 

24-25. (Canceled) 

26. (Previously Presented) A method for forming a nucleation layer and a bulk 
deposition layer on a substrate disposed in a processing chamber, said method 
comprising: 

forming a refractory metal nucleation layer by serially exposing said substrate to 
a boron-containing compound and a tungsten-containing compound, wherein serially 
exposing said substrate to the boron-containing compound and the tungsten-containing 
compound comprises: 

exposing said substrate to a pulse of the boron-containing compound; 

exposing said substrate to a pulse of the tungsten-containing compound; 

and 

exposing said substrate to the boron-containing compound for a period of 

time; and 

forming a bulk deposition layer on said nucleation layer by employing vapor 
deposition to bulk deposit a refractory metal contained in one of said boron-containing 
compound and the tungsten-containing compound. 
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27-33. (Canceled) 
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EVIDENCE APPENDIX 

No evidence is submitted. 



RELATED PROCEEDINGS APPENDIX 



No copies of decisions rendered by a court or the Board in a related appeal 
interference are included as no related appeals or interferences have been identified. 
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